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(57) Abstract: 200 

300 mm wafitn j 
in vacunm plasma processing 
chambers that are the same 
or have the sam geonieliy. 
SobstaotiaDy pbmr excitation 
co3a iMnriny dBfiincait geanialriai 
Cu Oie mfen of dilEnau 
sizes «xcita kwiOble pis in 
tte vbunber lo a pJasna 1^ 



fidds to ike |>]asma llmias^ a 
dielectric ttindow tt the top of 
tfw iVitrthtz. Both coils ioclude 
ploraJ s>tnnietncal. snbstaniial); 
ciicijlaT turns cocmini wtih a 
cealcr point of Ihe ooil and at 
least oac torn that Is osyntactilcal 
with respect to ibe ooil center 
point. Both cai]» iaclnda foor 
turns, with r.t exciiaiton being 
applied to the tnm Out n cloKst 
10 iIm coil Knter point. Tlie turn 
tfwd \% third fastfiesi froni the 
ceater puini a asymtneirM; in ihc 
GoH isedfor 200 mm waim. The 
two tmns ckuesi to ihe coal cenlei 
pond an agymmenic in the coil 
Bsed for 300 mm wafers. 
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VACinJM fhASMA PROCESSOR APPARATDS AND MgmOP 
FIdd of Inyentioa 

The present mveiitu>n relates generally to plasma proceesoxs inctudiog radio 
firequency (r.£) responsive coils for exciting gases in vacuum <iiaxaber6 to plasmas 
that process wodcpieccs in the chamber and more particularly to such a processor 
S iacluding a aibstantialty flat ooil having sabstaiitially symmetric and asymnutnc 
tumsi and to sucb a ooil. AnoAia aspect of (he invencioii nSates ta a melbod of 
plasma pzocosaing cacular wodqneces hanoog dififeraot dxanlfeteis more 
particularly, to a me&od whernn tiw same dianxber at diambecs haviiig fbo seme 
geometry are coiq;led to rjf. excitation coils having difTenng peripheral dimsDsions 
10 v/bea workpieces having differing pcaiphcral lengths are bdrig processed. 

BacIgmwrndArt 

One type of p ro ces so r fbr treatlDg worlqiiecea vriXb an rX plasma in a 
vacanm cfiamber includes a coil xespoosive to an r Jf. souxce. The coil responds to 
ft» r.t source to produce magnetic and docfric fields that excite ionizable g^s in the 

IS chamber to a plasma. Usually &e coil is on or adjacent to a dielectric window *^?tt 
extends m a direction generally parallel to a planar horizontally aytwy lTt^g soiiace of 
the processed wodqiiece. The exdted plasma interacts with the wcn^neoe in the 
chamber ta etdb the wodqiiece or to dqiosit mateadal on it The wod^iece is 
tyincally a semiconductDr wafer having a planar circular sur&ce or a solid dielectric 

20 plate, e.g^ a rectaogolar glass siAstiafo used in flat panel displays, or a metal plate. 

Ogle, U.S. Potent 4^48,458, discloses a multi-turn spiral coil for achieving 
4c above results. The spiral, which is generally of the Archimedes typ9y extends 
radially and dtcumfermtially t>etween its interior and exterior tfrm fna ls connected 
to the rX source via an inqiedaiKe matching netwaik. Cculs of this genenl type 

25 produce oscillating r.f fields having magnetic and ciqiacitive field conqKmeuti Oiat 
propagate through tibe dielectric window to beat dectnins in the gas in a poitian of 
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fl» plasma is tecihaiibcT dose to Ihewiodaw. Hw oscSlatii^ rX £dd8 iodooe m 

the plasn^oimats that heat deetroiis in the plasma. The spatial distrSmtion of the 

magnetic field in tibe plasma portion close to the window is a junction of the sam of 

individual magnetic fidd conqionents pioduced by eadi turn of fbt coil. Hie 
S mafipetic JIdd co mp o u e u t produced by eadi of the tums is a jDmcdon of (he 

magnitude of r.£ cuocait in each turn which differs for difierent turns because of 

transmission tine efEbcts of &ecoil st Chefiei]uecicy of ttter.fl soince. 

For cpiial deagus as diGcIosed by and based on flie Ogle '4 S 8 patent, Oie r.£ 

ciuientsintfaeqriFalcoilaredistiibfutedtopnjdiiceatomxIdal shaped magnetic field 
10 region in the portion of tiie plasma close to ^e window, which is ^xrfiere jpcfwcr is 

absort>ed by the gas to excite the gas to a plasma. At low pressures,' in the 1.0 to 10 

mTozr range> difiusion of the plasma &cm the ring shaped region prodxices |dasma 

density peaks just above the workpwoe in centra] and perix)heral portions of the 

cbainber, so the peaOc densities of &e ions and Sections winch piocess the 
15 WDilqiiece are in proxirnUy to the wi(njk]Hece center line 

At intemiediate pressure ranges, ia the 10 to 100 mTorr range, gas phase collisions 

of dectrous, ions, and neutrons in the plasma prevmt substantial di^uston of (he 

ptasmn charged particles outside of the tonoidal region. As a result, there is a 

relatively high plasma flux in a ring like region of the wtnfcpiece but iow pbsma 
20 flaxes in ihe cento- and peripheral wodcpiece portions. 

These differing operatins conditions result in substantially large plasma flux 

O-e^ plasma dooaty) variations between the ring and the volumes in^do and outsade 

of ttie ring, rcsulttng in a snbstantial standard deviation of (he plasma flux incident 

on the woriqjjecc. A measure of plaama fluK incident on the wodqnece is etch rate 
25 of &e workpiece in Angstroms per minut^ the standard deviation of etch rate 

unitbnnity of an OgJe type coil is typicaity more than 3.0%. The substantial ^ 

standard de>iadoa of the plasma flux incident on the woilipieoe has a Kodency to 

cause oon-unifonn woritinece proces5itt& Lt^ diflerenl portions of the woikpiece are 

etched to diffwent extents and/or have diffcroit amounts of molecules deposited on 
30 them. 
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Many coils have been designed to mqnove the uoifomuty of (hfi plasmau 
The connnonly assigned US. PaSead 5,759^80, HoBexid et aL, issued June 2, 1998, 
discloses a ccni winch, in the commesrcdal enibodim«xit» has a diametor of 12" and is 
operated ia oonjimction with a vacuum chamber having a 14.0 inch inner wall 
S circular diameter. The coil applies masnetic and eleccric fidds to the dumaber 
interior via a quartz window havmg a 14.7 iodi diametsr and 0.8 indi umibzm 
tfiidmBss. Circular seoiicaadnctarwaierwtMjqneccshavfa^ 
positioDcd on a wozkpicce holder ebaut 4.7" below a bottom &ce of 1h» window so 
the cxxitei of each woiigriece is coincddent with a center line of the coil, 
10 The coil of the *290 patent produces considerably snt^er plasma fim 

variations acmss the woil^iecc fhm the coil of the '458 patent. The standard 
dervicdoii of etch anif<»mj|y imdtiiig fiom the plasm 

of 6ie '280 pateut oo a 200 mm wafv in sucb a diambcr operafiDg atS milliTon-is 
abool 2.0%, a considexable improvement over the standard deviatioa of 

IS approximate^ 3.0% a cdl of die '458 patent operating under tbe same 
conditions. Tht coil of "Use IZO patent causes the magnetic field to be such diat the 
plasma doisity in the caoja of the woikpiece is greater than in an intomediate part 
of the wodqpiece, which in turn cTtceeds die plasma density in the periphery of the 
w(»3q>tece. Tho plasma density variations in die different portions of die chamber 

20 for flie on) of the '280 patent are much smaller Chan Chose of tiie coil of the '458 
patent for the same operatiDg conditions as produce the lower standard devialiaa 

With the advent of circular samcondnctor wafers having 300 mm diameters^ 
it has been proposed dial the same vacuum chambers be used &r {dasma processing 
of ciicular semiconductor wafers having 200 mm and 300 mm diameters. Fig. 1 is a 

25 diawing of a proccssoi that can be used for processing wafers haying both 
diameters. Processors of (he type illnstrated in Pig. 1 are such (hat the same 
processor can be used at diflereot times for both diameters or processois having 
chantbears with the same geometnes can be used ibr sq>aiate)ty processing wafers 
having 200 mm and 300 mrn diameters. 

30 Tho vacuum plasma wodquece processor of Fig. 1 indudes vacuum 
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chamber 10, shaped as a cylinder mcloding grounded metal wall 12 having an 
interior diameto: of 20", tuctal base plate 14, and circular top plate structure 18, 
consisting of a didectric window stiucture 19. having the same Hsckness from its 
oeintertoitspetqdury andadixnMtercKceedingtheinnerdi^^ lOao 
S Oievnndowbeazs against the top edge of wall 12. Sealing of vacuum dumber 10 is 
provided by cooraitioQal gaskets (not sbownl Hie processor of 1 is typically 
used for etdung a circular semioonductor wafer 0.e., a substrate) or for dqrasiting 
molecules cm soch a wafer. 

A suitable icxiizable gas tliat can be excited to a plasma state is supplied to 

ID the interior of chamber 10 fiom a gas source (ootdiown) via poit 20 in window 19. 
Jht interior of chamber 10 is maintained m a vacuum condition, at a pressure ttiat 
can V8xy in tbe ran^ of 1-100 mtUfrax, by a vacuom poxsop (not sImswqX 
oozmected to port 22 in base plate 14. 

The gas in the cfaamber is exdtod by a soitable dodrio source to provide a 

15 plasma having a dnisity ttiat is considerably more unifonn than the plasma excited 
by the coil disclosed in the Ogle M58 patent The electric source includes a 
substantially planar ro^ coil 24 having a square cross-section and a hollow 
interim; coil 24 is typically mads of square copps tubing. Coil 24 is mounted 
immediate d»>ve window 19 and exdtedby r.£ power source 26, ^pkally hainQg 

20 a fixed fiequoscy of 13.56 l/SS3z and usually having a fixed anq>titadB envdkipe; 
Tbecttxrent incoil24 generates a laige enough ma^i^c field flux in chamber 10 in 
proximily to window 19 to excite ionizable gas m flte chamber to a plasma. 

Impedance matching network 28, ccxmected between output terminals of rX 
source 26 and excitation teirainals of coil 24, couples the ou^rut of d!o tS. source to 

25 the colL Ibnpedance matching netwodc 28 includes variable reactances (not ^wn) 
>s4iich a controUer (not shown) varies in a known maruer to achieve impedance 
matching between source 26 and a load inclttdii^ ccnl 24 and the plasma load the 
coil drives. 
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Ciicular woriq?iccc 32, which can have a 200 nun or 300 mm diametei; is 
fixedly caounted in chazabcr 10 to a sui&ce of circulax woikpicce holder Q.e., chuck 
or platen) 3(h, the surface of chuck 30 caxryiiig wodqpiece 32 is parallel to tilie 
Gurfiace of window 19. CSiuck 30, typically of the dectrostatic type, has one of two 

5 tfiffrfft^g AitKfnmtrm ^ A TKWtTIg *m thf? ^fff'Tf *^ wnriira«M being p w nc e SB Ba at 

a particular time in ciiamber 10. Woitpiece 32 is isually electXDStalicany claxnped 

to the sur&ce of duick 30 \)y {qpplyjjog a DC potential of a DC power suf^ly (ooi 

shown) to ooe or moie eloctiodes (not shown) of the chuck. 

It! source 31 supplies an rX voltage having a constant ampUtude envelope 
10 to impedance matohing oetwoik 33, that inclodes variable reactames (not shown). 

Matehing netwodc 33 couples Oe output of S9iirce 31 to an electrode of cbuck 30. 

A oontioller (not ^own) conlxols die vBziabte reactances ofmatnhiirg netwozk 33 to 
(he inqtedaoce of somce 31 to (he load impedance coupled to the dectiode of 

chttckSO. The load coupled to the electrode is primarily file plasma in chamber 
15 As is weU known, the ri*. voltage that source 3 1 applies to the electrode of chuck 30 

interacts with charge pazticies in the plasma to produce a DC bi^ csi woikpiece 32. 
Surrounding planar coil 24 and extending above top end plate 18 is a metal 

mbe or shield 34 having a sqiuie cross sectioa within wMcb the coil ats. Shidd 34 

decouples clectcomagoetic fields origmating in coil 24 fiom tite auin»inding 
20 environment Tlie distance between ddeU 34 and the peripheral r^ions of co3 24 

is large enough to prevent significant absoiption by shield 34 of 0ie magn^c fidds 

genezated by flie peripheral regions of coil 24. 

The diameter of cylindricaliy Shaped (Camber 10 relative to the outor 

diameter of coil 24 is large enough to prevent substantial absoq^tion by chamber 
25 walb 12 of the magnetic fields graemted by the peripheral regions of tiic coil. The 

diameter of dielectric window structure 19 is greater than the inner diameter of 

chamber 10 to such an extent that the entire upper snr&ce of diamber 1 0 consists of 

dislectrtc window stnicturc 19. 

The distance between the tzcated sur&ce of woikpiece 32 and the bottom 
30 surfiice of didectric window structure 19 is dhosen to provide the most umfimn 
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plasma fbsx on the esqposed. |in>cessed stti&ce of tbe wcikpiece. Typically, tbo 
distance betwcea the woilqnoce processed sur&ce and the bottom of the dielectric 
window is approximately 0.3 to 0.4 times Che di&mcter of chamber 10; tiie inner 
diameter of chamber 12 is 2Cr, the diameter of coil 24 having the prior ait shape of 
5 die *280 patent is 13* for a 200 mm diameter wafer, Bhield 34 has a lei^ of 23 ir^** 
on eacb side, and the distance between the woikpicce processed surfioe and the 
bottom of file dielectric window is 6.(r, 

Planar coil 24 functions as a transmission Hne to produce a standing wa^ 
pattem along the Icagtii of tiio coiL The standing wave pattran results in variations 

10 in the magnitude of the r^ voltages and cmrents along the length of the coiL The 
dqpeodence of tihe magnetic flux geoerated by fhc coil on the magnitude of these ril 
cuncnts lesutts ia differing amounts of plasma being produced in dtfiEorent portions 
ofchaiid)er tO beneath differtot poitiiMBS of the coiL The tntiwmia*non line bdbavior 
of fi»r.£ cuaent in planar coil 24 increases 6» amomit of magnetic flia ^nerated 

15 by the peripheral coil segments relativa to the center coil sclents. This result ia 
achieved by exciting coil 24 with ril so the regions of maximum rX current are cn 
tile peripheral coil segments. 

As illustrated in Fig. 2, the planar coil 24 with the shape of the '280 patent 
iodndes interior siibstandaOy sonicixciilar loops 40» 42 and petqdiend sobstanlially 

20 circular segments 46 and 48 and an intennediato substantially dicular segment 44. 
Each of loops 40 and 42 fomiis ohnost a half turn of coil 24» v^e each of loops 44, 
46 and 48 forms almost a full turn; the full and half turns are oosmectBd in series 
wilfa each other. All of segments 40, 42, 44, 46 and 48 are coaxial \vifh cenliBl coil 
axis SO, in turn coiacident with the center axis of chamber 10 and the ceoter of 

25 wafer 32 when the wafer is clamped in place on chuck 30. Oi^osite excitation 
tmninals 52 and 54, 'm the center portion of coil -24, are respectively cotq)led by 
leads 4S and 56 to opposite terminals of rX source 26 via matching netwoik 28 and 
one electrode of c^^acitor 80, the other electrode of whit^ is grounded. Terminal 
60, at the end of loop 40 opposite fiom teiminal 52. is connected to end temunal 66 

30 of auiierlocq>s^mem48fayn3etalstiap 64 whichiskKatedinan^pmsc^^ 
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above the plsiie of coil 24. The spacmg betwreen atyacent g q pne n t s 40, 42, 44^ 46 
and 48 and ibe spacing between stz^ 64 and the lemainder of ooD 24 axe great 
raioiigii to inxrveot arcing belwem theni. Ttte radii of &c outer esdges of segments 
40. 42, 44, 46 and 48 are respectively 2", 2". 3.5«. 5^" and 6.5". 
5 Segmeai 48 has a seccmd temunal 6S sli^itly less than 360"* from tennizml 

66; tenumal 68 is connected to tenmnal 70 of loop segment 46 via str^ 72. Lo<^ 
46, having an angular extent of almost 360". has a aecond end temiinal 74 
connected to tanmial 76 of loop 44 via ladially and dicamferen tialiy esteodbig 
stop 78. Loop 44v having an angnlai extent of almost 360°, has a second end 
10 temunal 80 which is connscted by radially and ciicomfereutially extending stzq> 82 
to tominal 62 at die end of segmeot 42 opposite fiom tenninal 54. 

Caps^*^ ^> Slaving a eapadtive isqwdance 2^^ " l/Q2kBC), vritere j " 

is die ftequeacy of r.£ 80Woe26, sndC istheci^adtance of aq)acitor30, 
shifts Ota phase and fberefbre locatioD of die voltage and cunent distribotion across 
15 the entire leogfli of coil 24. The voltage and airfent distribution are shifted in coil 
24 60 die coil produces t.t electiic and magnedc fields which provide plasma flux 
on (ho pioccssed surface of vwidtpieoo 32 ttutt ia considerably moreunifimn tiian the 
Qm. zcsnlting fiom ea.«igization of & omi of the type diaclosca in the *498 

20 The voltage and current of coil 24 are didlibuted by selecting die vahie of 

csq)adtor 80 so the peak-to-peak rX cmient at coil temunal 54 is a minimum and 
equals the pe3k:-tOi>eak r.f. cunent at coil tenninal 52. At this conditioa, the coil 
has oi^odto polarity majumum pcak-lo-peak r.f voltages at tcamiuals 52 and 54 
and ti» coil maximum r.fl cunent occurs near conductive stnq> 72. The.distxibution 

25 of T.£ voUages and currents in the ooil can be iqipioxiniated by 

V^^^V^cos ffi(x^^)J and 

where: 
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X is the tineardistaoce measured ficsnteonma^ 

P is tte angular fitequencyofrilsonn^ 26 0.c.2n0^dmde^ 

X* is aa ofiset from zoo which is dctcnniaod by liie value of fbo 
5 capauitor 80, and 

V%)pk ^"O^ ^Vi* ore respectively tbc jnaummn rS. pcak-to-peak Yoha^cs 
and cunems ib flie c(nl. 

llie vahie of capacitor 80 is seZeetad so x* is about 0.15 times the 
wavdength (X,=%/^f) of the tS. current flovving in thccoO. 
10 The pa^)heral legions of coil 24 produce greater magnetic fhn than the 

ceotcr legioii of the coil because the magoitude of the peak-to peak rX cutreixt is 
greater in the pcariphcrai segmeot of the coil relative to flioiaagnitude of the pcak-to- 
peak dUTCQts of the cenhral segmeots. The maximum peak-to-peak rX cmx^at 
amplitude occurs in aibstantialfy circular k)op segment 46. The amplitudes of Che 
15 peak-to-peak x.t coiraits in adyaccnt kx>p segmeoti 44 and 48 and in kiop segment 
46 and the spacing of loop segments 44, 46 and 48 from cadi other are such that 
magnetic fiuxcs &om these three loop segments arc combined in space to provide a 
total magnetic flux denaty, just under window 19, having a TrraTiTntw" value over a 
relatively broad aomilar area. Hie annular area extends &om between loop 
20 segments 46 and 48 to between tatamediate segment 44 and interior segments 40 
and 42. 

The variatioBS in the t£ cutrmt magnitude ikywtng in diJBhrent parts of the 
coil axe qiatially averaged to assist in canang amore unifonn plasma to be incideait 
on wafer 32 than is attained by flie coil of the Ogle *498 patent It was previously 
25 tfaou^ that spatially averaging these difBsent cwxent values in the different pazts 
J- of the coil fjubstantially prcvaited substantial non-radial asymmetries in tte plasma 
density, particularly at regions of hig^ r.£ cunent in the coil segmoUs near the coil 
pqtipliBcy. The total msgpelic fiux is also ooosidaably more coostant as a functikin 
of angular coorcfinate 0 than is the case fijr the coU of the Ogle patent (where 0 
30 represents the angle about the cml pedphecy relative to a reference angle that 
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extends 1]in»i^ Cfae coO center pdnt 5(r, e.g^ (he lefereoce angle extoids 
hotmrntaiy in Fig. 2 to the left of center point 50). 

A ^Mitiolly averagpd magnetio £hix v^dh is coTisttsat olong a particular 
coordinate value 9 jsovides a plasma vftich is more radiaUy symmetric along 0 (ban 
5 is the case of plasma reuniting from the coil disclosed in Ac Ogle '458 patent. The 
amplitudes of the pealc-lo-peak r.l cmreots in the two substantialty scmidrcular. 
etpial ladixu segjOHOts 40 and 42 are dgpificanOy less than the amplitudes of tbe 
cunents sq lbs o&er iw g me n t i Segments 40 and 42 derive sufGi^cnt magoetic 
flmces which arc spatially averaged wi& fte magnetic ihixes deri^ 

10 segments 44, 46 and 48 so die plasma flnx geaeraled at the levefof the |»ocessed 
surface of woikpiece 32 across the diameter of the chamber is considerably mcie 
mrifonn than is achieved with the coil of the Ogle p^teat 

lbs electrostatic c^adtive) coi:^ling to the plasma of the voltages at 
difiercixt pocfioiis of plaoai coil 24 (for example, hctweco pQrti<ms of lo<^ segjnents 

15 46 and 48 at the same ai^ulsr coonUnate poration 0) has an influence <»i the 
unifiami^ of the generated plasma flux. The cajiacilive coupling of these voh^es 
to (be plasma depends on the magnitude of flse peak-toi^eak voltages occurring in 
the coil segments, as well as the thickness and diefectric materia] of window 19 
which separates the coil liom the plasma. Tina influeixje of the capacitivo curreuts 

20 produced by the r£. voltages is minimized by causing the highest t£ pcak-to-pcak 
voltages to occur at temiinals 52 and 54. Hie geometry of coil 24 and proper 
selection of the value of capacitor 80 cause the highest rj; peak-to-peak voltages to 
occur at tecmmals 52 and 54. SLt excitatimi of planar coil 24 produces a 
substantially planar plasma having a flux that is considenibty more uniform 

25 completely across woxi;piece 32 than that resulting fium the coil of the Ogle '458 
patent 

As the features of inte^atod circuits have become smaller and smaller^ we 
ha\'e found that the mifoimity of tibe plasma incident on a 200 mm wafer 
produced by the coil described in connection with Fig. 2 is frequently not 
30 sQffidenL There is an asymmetric diametric plasma flux distribution on the 200 
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mm waibts fonned with th6 prooessot of Fig. 1 when fi» plasma b excited by die 
described 13 inch dSametercoO. Hie asymmeby is sufficient to have ao advezse 
effect on semiconductcr devices having 0.1 8 micrometer features fonucd on a 200 
mm seimcoaductor yrafer. Ea paxticular. we found that the etch rale an citculm 
5 200 mm polysilicon wafer 71 is as shown in Fig. 3 by regioiis'72, 74, 76, 78 and 
80 when the waier was etched at a vaomrn of spprozimately 20 mXoir in the 
described processor of Fig. 1 «^ gas in the piocessor was excited to a plasma 
by the coil of Fig. 2 beiiig comiccted to a 13.56 MHz r.C souxce 26. The 
peiiphoy of waffer 71 includes a poatioaing noldi, diown io Fig. 3 as point 73. A 

10 positionnig dervice (not shown) placed wafer 71 in chamber 10 so that the notch 
was ofiset about 10* clockwise firom vertical Kne 75, Fig. 3, extending through 
wafer center point 70, 

Wafer 71 ceniCT point 70 is sttnomided by region 72 having a maximmn 
etch rale of 2378 Angstioms per minute. Bsgion 72 is somewhat asymmetrical. 

IS having a greater extent to the left ofeentcr point 70 than to the right, as illustiated 
in Fig. 3. Suiounding region 72 is region 74, having an etch xnie between 2378. 
and 2396 Angstroms per minute. Region 74 extends to the left edge of wafer 71 
spannmg an arc length of approximately 100" along the left edge of the wafer. 
Region 74 also extends somewhat to the right side of region 72 and has an 

20 approximately circular pmpheral contour within the waier. 

Generally crescent shaped r^ons 76, 78 and 80, to the right, as well as 
above and below center point 70 and region 74, respectively represent etch rates 
in the ranges of 2398-241 S A&estroms per minute, 2418-2438 Angstroms per 
minute and above 2438 Angstroms per minute. Regioa 76 tias an arc leagfh on 

25 the periphery of wafer 71 of about 30* above and about 1 5" below cenier point 70 
on the periphery of the wafer, region 78 baa an arc length on ihe periphery of 
wafCT 71 of approximately 15* above center point 70 and about 20" below center 
point 70, wlule region 80 has an arc lengOi of about 170" along the right edge of 
the wafer. In general, there is a monotonic variation of etch rate fiom flw left 

30 edge of r^jon 76 to tfie periphery of r^on 80 along (he edge of the water. 
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Wafer 71 has aa average etch rate of 2412 Angstroms per nnraite and a 
noit-Ti n i fomt i ty of 1.4y« at a rtandanl deviation of one sigma. Hub lu^ d^iee of 
unifoamty was ficqnent^ saSaad for procefidng ofpdot aA 200 nun wnfecs 
haviEig featnxes greater ttian 0.18 micrometeis, i.e., to etdi materials from such 
5 wa&is and to djqiosit materials on the waftrs. However, with the advances in 
integrated cixcnitiy resulting in features as smaU and smaller than 0.18 microns, 
(he unifonouty ilhistrated in Fig. 3 adueved with (he coil of Fig. 2 is not always 
adofjiifiko. 

An analyais of Fi& 3 reveals aa, asymmetry in plasma density flmciatffd 
10 with regions 76, 78 and 80, all of which are esseaitialfy to the ri^t side of center 

point 70, as well as regions 72 and 74. We have realized that ledndng the plasma 

density variations associated with regions 76, 78 and 80 is very blcely to enable 

(he plasma density oniformity to be increased to a greater extent than is achieved 

with the coil illustrated in Fig. 2. 
15 It is> acx»ndinglty, an object of tiie present inventioa to provide a new and 

in^ooved vacuum plasma processor and rS, plasma excitation coil for achieving 

highly unifbim plasma fiux (i.e., plasma density) on a ctraUar woilcpiece. 

An additi<Mial object of the invention is to provide a new and improved 

vacuum plasma processor having an r.f. plasma excited by a coil having a new 
20 and impiovod geometry for achieving greater unifbnnity of plasma density on a 

ciicolax woxkpiecc. 

A fiirlfaer object of the invention is to provide a new and inqxoved plasma 

processor and coil arable ofetching wafers to a non-rniifomuty less to 1.4% at 

a standard deviaUon of one sigma. 
25 AnothCT object of the invention is to provide a new and impzoved vacuum 

plasma processor having a new and in^irpved r.f. excitation coil, paiticularly 

ad^tsd for use in manufacturing int^ated circuits having features as small and 

snLallei than CIS microns. 

An additional o1]gect of the inventira is to provide a new and improved 
30 method of operating a plasma pracesfior such that worlipieces hzvmg the same 



(34) 



JP 2004-520704 A 2004.7. 



WO02AI)7«3 PCTaJS01/30Z63 



12 

geometry bat di£Eering sizes can ho processed in tho same processor chamber or in 
chambets having the same psometiy. 

An added object of the invention is to provide a new and inq^roved method 
of operating a plasma processor such (baX dicnlar semiconductor wafers having 
5 200 and 300 mm diametras can be processed in the same processor chamber or in 
chambers having the samo geometty. 

Si^TninarY the Invention 

In accordance with one aspect of the i»esent invention, a substantially planar 
cdl for suj^Iying an r.£ plasma exdtaliGn £eld to an iomzable gas of a vacuum 
. 10 plasma prooessor for a circular wodqpiece adapted to be placed at a particular 
localaan on a woi^iece bolder includes (a) plural coaxial tonu snbstantiaUy 
syausetiically anansed with respect lo a cotter paint of the cdl, and (b) at least one 
fiir&er turn asymmetrically arranged with rcspcsct to tbc coil ccatcr pcdnL 

The invratton also coaoems a vacuum plasma processor *n««T"<'^nfl such a 

15 eoa 

Another aspect of die hiventioa relates to a vacoum plasma processor for 
processing dicnlar wod^pieces to achieve greater plasma dcaisily unifonnity on the 
woikpicces than aoothcr vacuum plasma processor. The anotho- piocessor inclodes 
a substantially planar r.C cmted coil bavmg fbur couccotric series cQomecCed 

20 circular turns and two centaaUy located eaceitadMi temnnals connected to an r^. 
exmtatioa source. The ano&er processor, when excited, causes plasma density 
distribution on tbs woi1q>iece to be diametrically asymmetrical sotix that plasma 
density along a substantial 3^ length of the worlcpiece edge on a first side of the 
woxkpiocc is substantially diObent fiom the plasma deaiaity along a substantial arc 

25 length of tlw W ori q ri cco edge on, a second side of the wortpiccc The arc lengQis on 
the fijst and seoond sides are fq)pn»dmately diametrically opposed to each other, 
'fbe processor comprises (a) a vacuum diamber for piocessing the wmkpieces with 
a plasma, (b) a bolder in the diamber ftir the workpieces, (c) a substantially planar 
coil for exciting gas in die diainber into the plasma, and (d) an r.f. source for 
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enagjziTtg the ooiL The oodl inctiides (a) plural circular coaxial ooocentRC turns 
havnig a common center pdint, (b) ceatral csxdtatkMi tenmnals ha^ng comificdons 
to be driven by (he rX source, and (c) at least one fUnhcr Cum baving a gcometcy 
different Cluiu the other turns to reduce snbstantjally the diametric asymmetiy of the 
5 plaBEna density azidpcovifdo greater pkfflma density ^ 

the ma&sa plasniaprocesBor<q»eratmg under the same oonditunis. 

PreOsiably the st least ooo finttter tnm includes aiciiate poitiaiis having 
differii^ qwrings fiom Ois center point so (a) the arcuate pottion closer to fbe 
ceater point is aligned wiUi Che portioii of the wor^iooe bavins a hi£^ plasma 

10 dmsity^ m the another processor* and (b) tbo arcuate portioa'&ithcr fix>m the 
center point is aHgoed with the portion of the woikpieco having a lower plasma 
density in the another processor. 

The at least (Uie ftnther turn in one embodiment includes first and second 
arcuate portions. The first and second poitions are sectors of circdes having 

IS different xadii and a conomon center point that is subsbntially flu same as the 
cCTter point of (bo phual turns. In all embodiments of (he invention, flie at least 
one fiuther turn preferahfy has a shqie &at is <4osed except for conaections to 
adjacent tunos. 

&i another embodiment, the at least one fiuther turn has the of a 
20 dzdelfflmng a cexiterdt^laced from the comnioncenttr point toward the side o 
the woricpkcc having substantially lower plasma density during processing by tbo 
anottier pioooasor. 

In one preferred embodiment, the coil has only four turns, three of which 
are ib/i plural turns, and only one of wliich is the at least one further turn. The 
25 fiirthcr tum is between the plural turns having the largest and second smallest 
radii The excitation temiinals are on the tum having the smallest radius. The 
tums having piogressiiwly gieatcr separation from the center point are connected 
diroctly to each other, v4iilc Che turns having (he largest and smallest xadii are 
conaeeted directly to each ofiier. 
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la aaotfaer embodhnen^ <he at least one flirfber turn inclodes <a) a first 
porti(»L that is a sector of a dicle baving a ceoter that is coincident widi die coil 
center point, (b) a secozid portion tiiat extc3»ls substantiaDy straig^ fiom a first cod 
of the first portion and (c) a tfxird portion tiiat extCTds substantially straig^ fiom. a 
5 second end of ifao first portion. Hie first portion is prafembly split into first and 
second segaaents respectively having Qurd and font^ ends cosmected to the r.t 
source 

Such a cofl prcfoably includes fiist and second ftntber tonu. The first 
fiizfber turn is closer to tiw coil center point flian-thB second of the Anther tarns. 
10 Both of the at least one fitrthff tnnu have &e previously discussed shape. The 
sectors of the circles of both of the further turns are arcuately aligned. Hie 
straight portions of both of the further tatns extend substantially parallel to each 
other. The fim and second of the iurthex turns are the turns of the coil closest to 
the coil center point. 

15 A fimher a^ea of the invention relates to a method of processing 

wotkpieces having difTering first and second pexi^cral lengflis and geometrically 
similar shapes in the same vacunm plasma processing chamber or vacuum plasoia 
processing chambers having the same geometries. The mettiod includes the step 
of causing r.f. plasma excitation coils having first and second different peripheral 

20 dimensions to be coupled to ionizable gas in the chamber or chambos while the 
woikpioces having the first and second pecipheral Iei^;ths are being respectively 
process e d in llio chamber or chomfacis -while Ibo chamber or chambers are in 
vaaio and rX energy is snfipKed to tiie coils fa> excite &e gas to a proceesing 
plasma. The first peripheral lengfti exceeds the second per^heral length, and flie 

25 first perii^iera] dimen^on is greater than the second peripheral dimension. 

Prefearably, the workpieccs are circular and each of the coils includes 
plural sohstantialty circular coaxial turns having a center point aligned with center 
points of file circular wodq>ieces and each of die coils inchides at least one turn 
that is asymmetric with respect to fite coil center point 
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The above and stiD fblher objects, feahires and advantages of the present 
inventioii will become ai^arent upon conskleiation of the ftUowiog detailed 
descuptioDS of several specific cmbodimenla ifaereoA espedally viben taken in 
coiijux£Ction widi the accon^anying drawings. 

5 Brief Peseription of the Drawings 

As described^ 1 is a sdiematic djagram of a vacuum plasma proce ssor 
which is ^plicable for tlio inqnoved coil of ttie present invention. 

As described, Ftg. 2 is a top view of a coil having substantially the same 
sh^ as described in the previously mentioned Holland et al. patent; 
10 Asde8crib6d,Fj&3 Uatopviewof theetdiiatesofa wafisrpiocessedin 

the processor of Fig> I with the coil of Fig. 2; 

Fig. 4 is a top scibaDaiic view of a coil for use in processing a 200 mm 
diameter wafer in aeeoidance wift one prefened embodment of &o present 
invention; 

13 Fig. 5 is a top view of the coil schematically illustratedin Fig. 4; 

Fig. 6 is a top view of the etch rate of a wafer processed in the processor of 
Fig. 1 with the coil of Figs. 4 and 5; 

Fig. 7 is a tx9 view of a coil fi>r use in the processor of Fig. 1 whciia300 
nmi dxameter wafer is being processed; and 
20 Fig. 8 is a top sdttematic view of anolher embodimem of a coil in 

accordance with the present xaveation. 

Detailed Description of Figs. 4-« 

The coil of Figs. 4 and S. which is used in the processor of Fig. 1 mstead 
of the coll of Fig. 2, is configured very sinnlaribr to the coil of Fig. 2 in that the 
25 coil of Figa. 4 and 5 has a 13 inch outer diameter and includes centcar point 50» 
substantially semicircular turn segments 40 and 42, almost circular turn- 44, and 
almost circular turn 48. Each of segments 40, 42, 44 and 48 Kes on a radius of 
centca- point 50, such that segments 40 and 42 are closest to the center point; turn 
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44is«kaxadiu8fhatbgjeatBrtfaantheiadiQ8ofs^ment8 40 8iid42, and turn 48 
is farther from center point SO fhan aay other part of the coil. Excitation tenninals 
52 and 54 are respectivcty at first enda of segments 40 and 42, while second eaids 
60 sod 62 of segments 40 aod 42 are coimected to end poiatg 66 and 81 or 
5 tOTmnals of tunu 48 and 44, respectively, hy radially and cizcQznfoesDtially 
extending metal strata 64 and 82 preferably mode of Qbe same material as 
segments 40 and 42 and tile tnnia of tbe coil; the material is typically cop^^ 

The principal dif&reoce between the coils of Figs. 2 and 4 is that the coil 
of Fifi. 4 iactndgs asjnnmetrical torn 182 including arcuate segments IS4» 185 and 

10 186. S^ments 184 and 1 85 lie along the same radius fiom oeatcr point 50, while 
segment 186 Hes on a radius closer to center point 50 ttian segmeiits 184 and 185. 
In other words, segments 1E4 and 185 lie along an arc defined hy a first ladius 
£»m center point 50> while segment 166 lies along an aro defined by a second 
radhis fiom center point 50. where the second radius is less fhan Oie fir^ radius. 

IS In theprefenedembodimeot* outer edges of segments 184 and 185 are on a xadius 
5.5" (12.38 cm) fiom point 50, >^ule flie oater edge of segment 186 is on a radius 
4.5" (11.25 cm) from point 50. The radii of segments 40 and 42 and of turns 44 
and 48 are the same as those of ttie coil of Fig. 2. The outer edges of segments 40 
and 42 are on radii 2" (5.08 cm) from center point 50, while the outer edges of 

20 turns 44 and 48 are respectively on radii 3.5" (8.75 cm) and 6.5" (16J15 cm) fiom 
center point 50. Segments 40, 42, 184, 185 and 186, as well as turns 44 and 48, 
are sub s tantial l y ooplanar so that die bottom fines thereof are either uniformly 
q>aced fiom or abut the iace of dielectric window 19 of the processor of Fig. 
1, snch that the capacitive coupling fiom all segments of the coil of Figs. 4 and 5 

25 to regions within the processor immediately below the window is substantially the 
same. 

Opposite ends 190 of segment 186 are respectively connected to ends 192 
and 194 of segments 184 and 185 by ladiaOy and ciicumferentially extending 
metal stmts 88 and 90. SegmcaHs 184, 185 and 186 respectively have arcuate 
30 extents of q>pn»dmately 60*. 160" and 130*. The waSa being processed in the 
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chamber of Pig. I is positioned celatiTe to thn coil of Figs. 4 and 5 so that tiie 
wa&r notch is offiet about 10* in the clockwise direction from a veitica] line 
intersectmg ceoter ]x>iiit SO and equidi^ant from excitation tenninals 52 and 54 at 
the ends of segments 42 and 44. Metal stmt 78 connects end 74 of sesment 1S4 
5 opposite from stmt 88 to die end of oatcj turn 48 dial is not coimectod to inner 
segment 40, while metal strut 72 connects tfas ends of tnm 44 and segmoit 85 to 
each other. 

When die coil of Figs. 4 and S is positioued above window 19 m the 

processor of I^g. 1, the etch rates of 200 mm wafer 93 mounted cm etleetrastatic 
10 ciiuck 30 at die same position as wafer 71 are as shown by regions 94, 96, 98, 

100, 102, 104 and 106 of Fig. 6. . Wafcr 93 was etched in the same chamber imder 

the same conditions os wafer 71 of Fig. 3, except ttiat the wafer 93 of Fig. 5 was 

responsive to plasma itsulting fiom excitation by the goU. of Figs. 4 and 5, while 

tbeetchpattenisof Fifr 3 resulted fiomr.£ excttatioQ of the coil illustiated in Fig- 
15 2. The same etcfaants were employed, aad the wafers were positioned in the same 

place so that positioning notch 95 in die wafer of 1^ 5 was ofi&et 10* cloclnrise 

&am a line extending vertically in Fig. 6 from wafisr ceaiter pcunt 92, whidi was 

vertically aligned with coil center point 50. 

The average etch rate of wafer 93, as illustrated in Fig. 6, was 2486 
20 Angstzoms per minute, widi a noo-oniibmnty of 0.8% at a standard deviation of 

one sigma. Region 94. whidi suooimds center point 92. has an etch rate of 2467 

Aogstroms per minute or less, while region 96, which sotzDunds re^^on 94 and 

extends to fiie light of center point 92, has an etch rate in the range of 2467-2477 

Angstroms per minute. Region 100, which surrouods rc^oa 96 and extends along 
25 a considerable portion of the periphery of wafer 93, over an arc length of 

qjproximately 180^*, has an etch rate range between 2477 and 2487 Angstroms per » 

mimite Region 98, which is hi the upper left quadrant of the wafer and extends 

along the wafier periphery ovw an arc length of approximately 20". has die same 

etch rate range as region 96. Regions 102, 104 and 106, having an etch rate in 
30 excess of 2487 AngiStroma per minate^ occupy small sectoxs along certain 
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petqihera] poitioiis of wafer 93, sucb that region 102 extends about 70" geaerally 
along die lower xigfat quadrant of die wafer edge, regian 104 generally exbcxds 
along about 60^ of the wafer iqjper rig^t qtudiant, and icgion 106 cgctcods about 
20** along the edge of the wafer to tbe left of center point 92. 
5 The coil of Figs. 4 aod 5 establishes plasma doosities on wafer 93 by 

approximately the same mechanisnia as previously in connection wifh the coil of 
Fig. 2 BftffthlifiTring plasma densities on wa&r 71. The greater plasma density 
unifiamiity that e4dies wafer 93 idalive to wafer 71 is established by adjusting the 
shape of tbe coil of Figa. 4 and 5 based on the as]munetxic regions 72-80 of 
10 Fig. 3. 

A con^arison of Figs. 3 and 6 reveals that the etch rate asymnxetiy which 
existed in wafer 71 of Fig. 3 in regions 76, 78 and 80 is not present in the etch rate 
of wafer 93 of Fig. 6. The etch rate of the wafer of Fig. 6 is considerably more 
unifoim than the etch rate of Uw wafer of Fig. 3 aiid doea not iiK:hide the 
IS ue., aafymmetrical, characteristics associated with T^oos 76, 78 and 80. Region 
100 dominates the etch rote of Fig. 6 and extends over eppioziaiately 509i of {he 
area of the wafer. 

When ttie chamber of Fig. 1 is iised to process 300 mm circular wafers, the 
coil of Fig. 5 is replaced by coil 100 ofRg, 7. CoH 100 of Fig. 7. Uie the coils of 

20 Figs. 2 and 5, includes four turns 101-104, all of which arc conccatric with the 
coil center point 106. Interior, split turn 101 mchidcs two scpaxBted segmeaits 1 12 
and 114» respectively including excitation tenninals 108 and 110, respectively 
connected to the output terminal of matching networic 2& and capacitor SO. Fig. 1. 
Radially and circuxaferentially attending struts 116, 118 and 120 connect 

25 adjacent pairs of turns 101-104 to each ottier so that stmt 1 16 connects segment 
112 of tum 101 to a first end of turn 102, strut 118 coimects the second cwd of 
turn 102 to a fust cod of tum 103 and strut 120 connects a second raid of torn 103 
to a first end of tum 104. Stmt 122 connectB the second eaid of tum 104 to the 
end of portion 1 12 of tum 101 tiiat is not comiected to an output terminal of 

30 matching network 28. 
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Coil 100 of Fig. 7 dififera &om ttiB coils of Fig. 2, 4 and 3 because tmns 
101-104 of coil 100 have difiraoit geometries fiom the geometnes of the tmns of 
the coils illustrated in Figs. 2, 4 and 5. In particular, tnxm 103 and 104 arc tx^ 
circular and respectively have outer edge radii of 8" (20.32 cm) and 6.5" (16.41 
5 cm). Turns 101 and 102 of coil 100 differ fiom the two intenor turns of the coils 
of Figs. 2, 4 and 5 because tmns 100 and 102 are asymmetiica] with ra^ect to 
ceuter point 106. Coil portions 112 and 114 of torn 101 and torn 102 incfude 
portions 126, 128 and 130|, Uiat are segmeots of circles respective)^ having ontear 
radii of 2" (5.08 cm), 2* (5.08 cm) and 3.75* C9.4 cm), relative to ocoter point 106. 
10 Each of portiom 126, 128 and 130 has an aio length of 180*, fin the side of the 
OMl 100 opposite fiiom the side of tho coil where struts 116, 118, 120 andl22 are 
located. 

Aa illustrated in Fig. 7, coil 100 includes a hoiizontat diameter 131 and 
vertical diameter 133, at right angles to each oOier. Struts 116-120 intersect 

IS vertical diameter 133, ^le (he ends of circular portiou 126, 128 and 130 
intersect horizontal diameter 131. Portions 112 and 114 of split torn 101 
respective^ include lelatively straight segments 132 and 134 that extend 
upwardly fiom horizontal diameter 131 and somewhat inwardly toward vertical 
diameter 133. Straight segments 132 and 134 have a center line that is ofBct ftom 

20 varticol diameter 133 by approximately 1 0*. Segment 132 extends upwardly iiom 
horizontal axisl3Isothatthetq>oftfaAend point of segment 132 is displaced 
from lK«i7Xiiital diameter 1311 by 2.2S" (6 cnO> while ttie strai^ portion of 
segment 134 thereof ends 3.25" (8.80 cm) above diameter 13 1. 

Tkun 102 iocbides straight segments 140 and 142 on the right and left 

25 sides of vortical diameter 133. Each of sclents 140 and 142 tilts inwardly 
toward vertical diameter 133 by an angle of ^proximately 10". Hence. segnicatB 
140 and 142 are respectively substantially parallel to segments 136 and 138. The 
straight portion of segment 142 ends at a point that is about 2 A" above horizsontal 
diameter 131, wl^c flie straight poiticm of segment 142 ends at a poiitt that is 

30 about 3.5" above hori2ontal diameter 131. 
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From die £9Kigoin& coil 100 includes two symmetrical outer tums 103 
and 104 and two asymmetrical mner turns 101 and 102. The asymmetcical 
relationslup enables coil 100 to overcome tbc tajdeacy for radial asymmetric flux 
(fistzibutidn vtbixiL the coil of Fig. 2 exhibits, -while the latgQ- diameten of tiuns 
S 103 and 104 emhle coil 100 to produce a pLaama deasiiy that is substantiaUy 
mufiim across 300 mm cncular wafers. 

Hie otber signafinant change Chat must be made in converting the dunhber 
of Fig. 1 fiom a 200 mm wafer processor to a 300 mm wafer processor, in 
addition to Ha change of the coil from the coil of Hg. 5 to the coil of Fig. 7, is lo 

10 change the cize of Hbc electrostatic chudc which fonns a pedestal for the 200 nun 
and 300 mm wodcpieces. Ibe 200 mm chuck is not suitable for 300 mm wafers 
because the electrostatic clanging force ^plied to the peziphenU portions of &m 
wafer with a chuck for 200 mm wafers is not sufficiem to bold the 300 mm wafbr 
in place. An electrostatte chuck for a 300 mm wafiarcamiot be osed with a 200 

IS mm wa&f because it is essential Sofr the wafer to cooqiletely cover the chuck 
dcctrodes. 

Fig. 8 is a scheznatio top view of a forttier embodiment of a coil including 
symmetrical and asymmetrical windings w*ich can be used in a processor of the 
type shown in Fig. I. The coil of Fig. 8 is similar in shape to the coil of Figs. 4 

20 and 3, except that torn 210 in the coil of Fig. S rq>laces turn 182 in the coil of 
I^ga. 4 and 5. Tum 210 of Fig. 8 is a substantiaUy cocolar turn having a center 
point 212 dnfied to the left and above center point SO. The radius of tum 210 is 
between tiie radii of turns 44 and 48 and is preferably about 5-1^2*. Hence, 
portion 216 on the ri^t side of tum 210 is quite close to the rig^t side of turn 44» 

25 but is quite far rranoved from the right side of tum 48. In contrast, portioo 218 on 
the 1^ side of tum 210 is quite close to the left side of turn 48 and is spaced 
significantly finom Ibe left iq>pcr portion of turn 44. The spacing between left side 
portion 218 of turn 210 and the left side of tum 48 must be sufQcient to prevent- 
airing. 
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While there ha\'e been described and illustrated plural specific cmbodimeaits 
of fhe jnventicni, it win be clear that variations in (he details of (he embodiincnts 
specifically iUustiated and dcsccibcd may be made vnfliout departing fittm ^ true 
spirit and scope of tlie inveaticai as defined in the appended claini& For ezan^le, 
drcular turn 110 of Fig. 8 could be repl2ced by an dliptical turn having a placement 
similar to the placement of turn 1 1 0 or by other turns having a closed (except for die 
break fiir oonnectiQns to fhe adjacent tucos) s^iymmetrical configaration ananged to 
reduce the plasma density non-uoifiniziity ofKig. 3. 
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I CLAIM: 

1. A vacuum plasma processor for proceasmg circular wodcpioccs 
comprising 

aYacmmi cliand)^ for processms Qte waxl:pieces wi 
a waikpiece holder in flie chamber, 
5 the chamber being acrang^ so the wodcpiflces are at a particular location 

on the workpicco holder duiiiig processing, 

a substantially planar coil for excittiig ioDizable gas in the diamber to a 
plasma, 

an r.£ source fin nipp^nng plasma r.£ exdtalion voltage to the coil, 
10 the ooil tnchxlhig: (a)phirBl coaxial turns sobstantiaUy synm^ietrically 

airanfed with respect to a centerpoint of the coil, and (b) at least one furlfiez turn 
asymmdncally arranged with respect to the coil center poin t 

2. Tho processor of claim 1 wherein the plural turns ace series 
connected Areolar tnms having difTering di am elere and centrally located 
excitation terminals. 

3. The processor of claim 2 wherein the at least one further turn 
includes arcuate poxtiona having difGodng spadngs ftom tiie eoU center p<Mnt. 

4. The jprncessta of claim 3 wberein the at least one fintber turn 
inchides first and second of said arcuate portions, the first and second portions 
being sectors of circles having difTcrcnt radii and a common ccnta point that is 
substantially the same as the center point of the plural turns. 

5. Xbepnicessorofclaim 4 wfaemnftusre are three of the plural tunas, 
the at feast^one ftotber tnm being between ^e plural turns having the largest and 
second smallest radii, the excitation terminals being on the turn having the 
smallest radius, the turns having progressively greater sieparation from the center 

5 point beiiig connected directly to each other, the turns having the largest and 
snndlest radii bong directlty connected to each other. 
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6. Theprocessor ofcLaim3 wbaemthe atleastoDefinfte 
shiqietbat is clOGed except for connections to adjacent tuma 

7. The processor of claim 6 whccan fbe shape of the at least one 
fiirther turn is a cixclohavnig a ceoter displaced &Qm the coil cCTt^ . 

8. The processor of claim 7 wheieio the coil has only four turtu, fbreo 
of the tains bemg ttifi phtral timi8» and OR V one of the tunw being said at leas^ 
Anther torn, fho at least <me S\3rtba turn being between the phiral mens having Ok 
targest and second largest radii, the exdtaticm tenranals being on &e turn having 

5 &6 smallest radius, &e turns having progressively greater scjJaratioa from the 
center point being connected directly to each other, the turns having the largest 
and smallest la^ beang connected directly to eadi o&er. 

9. The processor of daim 1 whcreia die at least ona fiulfaer turn 
includes a first portion that is a sector of a cirdc having a center fhst is ooinddent 
y/ifh the coil center point, a second portion that extenda substantiaUy stnught firom 
a first end of the first portion and a third portion that extends substantially straight 

5 from a second Old of the first portion. 

10. The vacQum of claim 9 wherein tiie first portion is split into first 
and second segments respectively having third and fourth ends, the third and 
Ibnrfh ends being connected to the r.f. source. 

11. The vacuum of claim 10 -vrtierein flte ooit inclodes first and second 
of said at least one fiiither titm, the first of fiie said at least one fimhrar turn bong 
closet to the ctnl center polm than die second of said at least one fiirfher turn, both 
of said at least one fiuther turn having the shape defined in claim 9, the sectors of 

5 the circle of both of said at least one furthCT turn being arcualely oligoed, the 
strai^ portions of both of said at least one further toca exteiuiing substantially 
parallri to each other, the first and second of said at least one finlher torn being 
the turn of the coil closest to the coil center point. 
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12. A substantially planar coil for siqiptying an t.t plasma excitation 
iield to an ionizable gas of a vacuum plasma processor fbt a circular woiltpiece 
adapted to bo placed at a patticolar location oo a woiipkxs holdei, fhs ooit 
cooqnfiing phiral coaxial torns siil^^ 

5 acentarpointof the ooil, and at least one further turn asymmet^^ 
Tes}>fict to &S coil ceator point 

13. The coil of claim 12 wherein the plural taaa ace seiies connected 
ciicular tums having dUTcring diamriers and centrally kjcated excitation 
tecininals. 

14. The coil of claim 13 wherein the at least one fotther twQ includes 
azcuate portions haviog dififering spacinga fiom the ccmI ceotor point. 

15. The coil of claim 14 whcnan Ifae at least one further turn includes 
fixst and aeoond of said arcuate pOTtions, tiie first and second portions being 
sectors of circles having different radii and a common center point that is 
substantially the same as tiie center point of the plural turns. 

16. Ilw coil of claim 14 \tdiBieiu there ans three of (he plaial turns, the 
at least one fiir&er turn b^ng between the ptural tmns hDcving the largest and 
'second smallest radii, the excitation tenoinals being on the turn having &e 
smallest radios, the tums having progressively greater s^Kuration from the craiter 

5 point being connected directly to each other, the tums having the largest and 
smallest radii bdtng dixectly connected to each other. 

17. The coil of claim 14 wherdn the farther tuni has a shape that is 
closed except or connectiotts to 8cyac«it turns. 

1 8. The coil of claim 17 whoein the dwpc of the at least one fUrdier 
turn is a circle having a coiter di^laced fiom the coil center point toward a side 
of the coil. 
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19. Tlic coil of claim 18 wherein there are three of the plural turns, the 
at least one further turn bemg between the plural tmm having the largest and 
second smallest radii, the excitation temmaals being on the turn having the 
smallest radius, the turns having progressively greater separation from the center 

S point bong connected directly to each other, tat turns having the largest and 
smallest radii beu^ connected directly to each other, 

20. The coil of claim 12 wherdn the at least one further turn includes a 
first portion thai id a sector of a circle ha\'ing a cento' that is coincident with the 
coil center point, a second portion that extends substantially stisigbt fitom a first 
end of the first pocttoa and a third porticn Oat extends snbstantiaUy straight fiom 

5. a second end of the first portion. 

21. Ihe coil of claim 20 wheion the first portion is spht into first and 
second segments respectively having Uord and fourth ends, the third and fourth enxls 
being connected to the rX souiceL 

22. The coil of claim 21 wherein the coil includes first and second of 
said at least one fiiriher turn, the first of ihe said at least one fkrther turn being 
closer to the coil center point than the second of said at least one fin&cr tnm, both 
of said at least one fiirflier turns having the shape defined in claim 20, the se^ors 

5 of the circles of botti of said at least one further turns being anniately afigned, the 
straight poxtions of both of saM sA least one flstiier turns extending substantially 
paiall^ to eat^ other, the first and second of said at least one Gmher tuns bemg 
Oie turns of the coil closest to the cc»l center point 

23. A vacuum plasma processor for processing circular worlcpieces to 
achieve greater plasma density nnifiumity on ihs worlqpieces than anotiier vacuum 
plasma processor including a substantially planar rX excited coil having four 
concentric series connected circular turns and two centrally located excitation 
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5 te nnm«?« connected to m t£ excitatton source, said anodier psooGBsac when 
excited causing plasma density distribution on tfae woriqpiece to be diametncally 
. fisynuaetrwal such fhst plawr*** density along a subi^mitial arc length of the 
woilq)iece edge on a first side of the wortqpiece is substantially difforeat from the 
plasma density along a substantial arc length of tte woriqiiece edge on a second 
10 side of the woikpiece, tfae arc lengths on tfae first and second sides being 
aiqircnuniately diametncally opposed to each otber, the processor comprisiag 
a vacuum chamber ibc processing the woricpaeces with a plasma, 
aholdea; in the chmnbcr for the wodqaiccca, 

a snbstantialiy planar coil for exciting gas tn the cban rtwr into flie pTp ygnn, 
IS an r.£ source connected for energizing the coil, 

the coil includmg (a) phiral circular coaxial oonccotric turns having a 
conunon center point, (b) ceatial excitation turns connected to be driven by the rX 
souic^ and (c) at least one finther turn having ageomctiy difiecent from the odwr 
turns to reduce sidtstaiitially the <&mi6trio asymmetry of the plasma densi^ and 
20 pxovide greater plasma density unifoimify on the woikpiece dian said anodier 
plasma processor operating mwter the same conditions. 

24. The processor of claim 23 wherein tbe at least one fiirther turn 
incindes arcuate pmiioiis having ^ffiaiiig spactngs fiom the cenkr point so the 
arcuate portion cIosct to the center point is aligned with the portion of the 
woikpiece having a higher plasma density in said anotiier processor and &e 

5 arcuate portion farther from the center point is aligned with the portion of the 
workpiece having a lower plasma dcnsi^ in said another processor. 

25. The processor of claim 24 wherein the at least one further turn 
includes first and second of oaid arcuate portions, the first and second portions 
being sectors of circles having different radii and a common center point is 
substantially tbe same as tlut center point of tbe plural turns. 
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26. The processor of olmm 25 wlieran them are three of the iilnnU 
turns and ooe of Ae at least one fiuther torn, the fiirtfier turn beang between the 
plural turns having die larg^ and second smallest radii, the excitatitm tenninals 
being on the turn tuning the smallest radim, the tums having progjessavely 

5 greater sQjaration ftom the center point being connected directly to each other, the 
funis having the birgest and smallest jadii being connected directly to each other. 

27. The processor of claim 24 wherein the at least one further turn has 
a shape &at is closed except fi» oonaecticnis to acent tmns. 

28. TliepiDces8orofGlaiin27wheidntheatle8Sto]iefijifliertumhas 
Om shsgpe of a circle having a center displaced fiom the commoa ceotsr point 
toward the side of the woilpiece having substandally lower plasma density during 
processing by the said another processor. 

29. Tbe processor of daim 27 Trtierdn the coil has only four tums, 
three of the turns being the plinral tutus, and only ono of the 

turns being said at least one further turn, the further turn being between the plural 
turns having die largest and second smallest radii, the excitation tominals being 
5 on the hxm having the smallest radius, the turns having progresaveiy greater 
sepaialiott from the center pcnnt bemg connected dhectly to each oflisr, the turns 
having the largest and smallest radii being connected diiwtly to each o&er. 

30. The processor of claun 23 wherein the at least one further torn 
includes a first portion that is a sector of a circle having a center that is coincident 
with the coil center point, a second ptxticii that «tends sufastantiaUy straight from 
a fiist end of the first portion and a third portioo Oiat extends substantially straight 

5 from a second end of the fksl portion. 

3 1 . The processor of claim 30 wherein the first portion is split into first 
and second segments respectively having tbiid and fourth ends, ttie third and 
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fimrfb ends being coxmected to the t.£ source. 

32. Hifi processor of daiin 31 whera'n (he coil includes Gnl and 
second of said at least one Anther tuni, the first of the said 9t least one further turn 
being closer to the coU center point than (he second of said at least one finther 
tmn, botii of said at least one fiirfhcr turns haviag the shape defined in chiim 30, 

5 ^sectoroof the circles of both of said at least one fiiz&er turn being arcuately 
afigned, tiie straight portions of both of ssad at least one further turn extending 
substanliaUy parallel to each other, tiie first and second of said at least onefinfiier 
turn bong the turn of the coil closest to the coil center point 

33. A meSiod of ptoeesaiiis drcular woriqpieces having differing first 
and second peripheral lengths and geometrtcoUy similar sb^es, the woikpieccs 
being processed in the same vacimm plasma processing chamber or vacuum 
plasma processing chambeia having the same geometries, the method comprising 

5 the steps of causing r.f. plasma excitation coils having first and second difEerent 
peripheral dimensions to be coupled to ionizable gas in the duunher or cbambeis 
while the woxfcpieces hannqg the first and second peripheral leng&s are bemg 
rc^ectively processed in the diamber or cfoamben while the chamber or 
chambers are in vacuo and T.f energy is supplied to the coils to excite the gas to a 
10 processing plasma, the first peripheral length exceeding the second peripheral 
Icogtii, the first perqiheral dlmeosioa hang greater tiiaa (he second peripheral 
dimension. 

34. Hw method of claim 33 wherein the worlq>iece8 are cnxulsr and 
ezch of the coils inchides plural substantially circular coaxial turns having a center 
point aUgned with center points of the circular wozkpieces bong processed, 

35. Hie mcttiod of claim 34 wherdn one of the drcular turns of each 
coil is a peripheral turn having an edgp defining the coil peripheral dimension. 
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36. The method of claim 35 wherem each, of the coHs inchKles a pair of 
intecoal excitstioii tenninals coimected to an r.£ excitation source doxing 
pxDCcssins. 

37. The method of claim 36 wherein each of the coils iududes at least 
one tmn that is asymmetzic with respect to the coil center point 

38. The mefiiod of claim 37 wbmn tiie first and second wodqneces 
respectively have 300 mm and 200 mm diameters, and the coils for the 300 mm 
and 200 mm dmmetera have an otxttr turn with an outer «dge lymg on the 
csicumfcrence of circles having oater dtameteiB greatex than 300(nra. 

39. The method of claim 39 wherein tha circle of the coil for die 300 
mm diameter vookpiece has a diameter of about 400 mm and ibe circle of the coil 
for the 200 mm woikpiece has a diameter of ahout 330 

40. The method of claim 39 whcicin the numher of tnins of the coils 
fbrbofh Qie 300 mm and 200 mm woikpiecea is four. 

41. The method of claim 40 wherein the coil for the 200 mm 
woikpiecehaa a turn wifli the second'nesxt largest diameter tbac is asymmetxicaL 

42. The mefood of cbnm 40 w h er e in the coil for flie 300 mm diameter 
woikpiece includes an asymmetiie turn that is closer to the coil center point than 
any other tmn of the coil. 
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